Background: Because there is heterogeneity in disease types, competition among hospitals could be influenced in various ways by service provision for diseases with different characteristics. Limited studies have focused on this matter. This study aims to evaluate and compare the relationships between hospital competition and the expenses of prostatectomies (elective surgery, representing treatments of non-acute common diseases) and appendectomies (emergency surgery, representing treatments of acute common diseases). Methods: Multivariable log-linear models were constructed to determine the association between hospital competition and the expenses of prostatectomies and appendectomies. The fixed-radius Herfindahl-Hirschman Index was employed to measure hospital competition. Results: We collected data on 13,958 inpatients from the hospital discharge data of Sichuan Province in China from September to December 2016. The data included 3578 prostatectomy patients and 10,380 appendectomy patients. The results showed that greater competition was associated with a lower total hospital charge for prostatectomy (p = 0.006) but a higher charge for appendectomy (p < 0.001). The subcategory analysis showed that greater competition was consistently associated with lower out-of-pocket (OOP) and higher reimbursement for both surgeries. Conclusions: Greater competition was significantly associated with lower total hospital charges for prostatectomies, while the opposite was true for appendectomies. Furthermore, greater competition was consistently associated with lower OOP but higher reimbursement for both surgeries. This study provides new evidence concerning the heterogeneous roles of competition in service provision for non-acute and acute common diseases. The findings of this study indicate that the pro-competition policy is a viable option for the Chinese government to relieve patients' financial burden (OOP). Our findings also provide references and insights for other countries facing similar challenges.
exists a serious lack of consumers' freedom of choice in many health care systems. Even when choices are made available, consumers still have difficulty in making a rational decision due to the asymmetrical distribution of medical information [16] [17] [18] [19] [20] . Most empirical studies investigating the role of competition in health care services have been conducted in the United States (US) and the United Kingdom (UK) [6] . The US health system favors consumer choice and is funded by a variety of health funds (including commercial funds and the governmentfunded Medicare and Medicaid programs). Empirical evidence has shown that competition reduces costs in the US [6, [21] [22] [23] [24] . Compared with the US, the UK has established a universal health care system that features public ownership; however, hospital competition is still encouraged. Evidence concerning the impact of competition on health expenses in the UK is mixed [25, 26] .
In line with the international trend, health reforms in China during the past three decades have also witnessed a strong emphasis on the role of competition. However, debates about the outcomes still continue. Some researchers have argued that hospital competition is associated with lower expenses [16, [27] [28] [29] , while other studies reported insignificant impacts [30] .
The hospital system in China is characterized with consumer-driven competition. Thanks to the universal coverage of the government-subsidized social health insurance programs [31, 32] , both public and private hospitals are subject to governmental pricing regulations, unless they opt out of the insurance coverage. However, there would be potential "price" competition of total hospital charges in the hospital market in China. The price for each health service item is regulated in China, but the total charge of the treatments for single disease is not fixed. Under the fee-for-service (FFS) payment system in China, the total charge depends on the number of services and their prices. Thus, for the same disease's treatment, the payments could vary, depending on the services intensity. Seeking a larger market share, a hospital may lower the total hospital charge of the treatments for a certain disease to attract patients who are "price" sensitive. For patients, the total hospital charge consists of their out-of-pocket expenses (OOP) and the reimbursement. OOP includes both health insurance covered services' copayments and payments for services not covered by health insurance. Although universal health insurance coverage has been achieved in China [31, 32] , the services covered by the social health insurance programs are limited [33] . Health services can be divided into two groups: services covered by the social health insurance programs and those that are not. The covered services are co-paid by the patients and the health insurance programs, while those not covered are paid in full by the patients. Thus, patients' OOP payments not only include the covered services' copayments, but also the uncovered services' payments. Moreover, higher pricing and higher OOP payments apply to services delivered by higher levels of hospitals. Consumers enjoy the freedom to choose more expensive services if they are willing to pay a higher OOP fee. This includes bypassing primary care for hospital services. Under such circumstances, hospitals in China are incentivized to attract as many patients as possible to obtain potential financial benefits.
In the face of competition, physicians also have great incentive to deliver excessive health care services under the China's health care system [33, 34] . A physician's salary in hospitals in China is a floating wage, mostly depending on the surplus income of the delivered service. Their income consists of two parts: basic salary and performance salary [35] . The basic salary is mainly determined by the physician's professional title (resident physician, associate chief physician, or chief physician) and working age (length of service). The performance salary is decided based on the financial performance of their clinical department [36, 37] . The physician's total performance salary will be calculated by the hospital's financial department monthly according to the department's surplus (revenue minus cost). The department head is responsible for distributing the performance salaries to the physicians and nurses within the department. In most cases, physicians' performance income account for more than 80% of their total income [36] . In China, a hospital's revenue from the treatments of a specific patient is completely equal to the payments from the patient. The payments are co-paid by the patient and their health insurance program. Under the FFS payment system, the hospital's revenue from each patient varies according to the number of services it is providing and the prices of the services, thus providing physicians with great incentives to provide excessive health care services.
Due to a lack of autonomy and the large amount of asymmetric information between health care providers and patients [16] [17] [18] [19] [20] , competition in the hospital market may not lower the "price" (total hospital charges), compared with the general market. It may even lead to higher total hospital charges due to more supplierinduced demand. However, a lack of autonomy and abundant asymmetric information between health care providers and patients might not be the case with the treatments of all the diseases. If the unique properties addressed vary among treatments for specific diseases, the competition effect on the total hospital charge would differ.
In this study, we hypothesize that competition would be associated with lower total hospital charges for treatments of non-acute common diseases, but higher charges for treatments of acute common diseases in the context of China. The hypothesis will be further explained in the "Study hypothesis" section.
To test this hypothesis, we chose two common surgicallytreated diseases: benign prostatic hyperplasia (BPH) treated with a prostatectomy and acute appendicitis, treated with an appendectomy. Since determining whether the patient is in an acute condition is difficult, we chose surgically-treated diseases to be sure of the onset of the condition. Emergency surgery is the preferred treatment for an acute surgical disease, while elective surgery is preferred for patients with nonacute diseases. The surgical treatments for the two common diseases have less asymmetric information between the health care provider and the patients, but there is a difference in the degree of emergency between the two diseases. Acute appendicitis represents an acute common disease, while BPH represents a non-acute common disease. Figure 1 represents the differences in the degree of emergency between acute and non-acute common diseases. The acute common disease is on the right, represented by acute appendicitis, while the non-acute disease on the left is represented by benign prostatic hyperplasia. Compared with non-acute common diseases, the acute ones are always more pressing, and patients with acute diseases or the people around them have a lower degree of participation in the clinical therapy plan and treatment, showing low autonomy for the services.
There is a conspicuous gap in the literature concerning the role of competition and its effect on different disease conditions and medical procedures [11, 16, 30, 38] . This study aimed to fill this gap by assessing the associations between competition (market concentration) and medical expenses for elective and emergency surgical procedures.
Methods

Study hypothesis
This study hypothesizes that competition would associate with lower total hospital charges for treatments of non-acute common diseases but higher charges for treatments of acute common diseases in the context of China.
Considering that there would be less unique properties in the provision of treatment for non-acute common diseases, competition would play a similarly positive role in the regular services market to effectively mobilize production. For example, enhancing internal management to improve efficiency and to control operation costs and engaging less in the supplier induced demand. As predicted by general economic theory, these competitive strategies would lower the total hospital charges for non-acute common diseases' treatments. Thus, we assume that competition would be significantly associated with lower total hospital charges for treatments of nonacute common diseases (prostatectomy).
Conversely, patients with acute common diseases have lower autonomy concerning service choice. Their acute symptoms mean that doctors need to operate immediately and does not allow them or their relatives enough time to choose the hospital, unlike the opportunities available for non-acute common diseases. Faced with a higher degree of competition, to achieve their financial goals, care providers of patients with acute common diseases may utilize the patient's disadvantages in lack of autonomy. Hospitals would then engage in more supplier-induced demand, rather than adopting the competitive behavior of improving efficiency and controlling operation costs. It can therefore be assumed that competition would be significantly associated with higher total hospital charges for treatments of acute common diseases (appendectomy).
Setting
This study was conducted in Sichuan province in the southwest of China. Sichuan ranks fifth in land size (486, 052 km 2 ) and forth in population size (83 million) in China [39] . Moreover, three large disparities in socioeconomic development exist in Sichuan. The eastern part of Sichuan is composed of mostly plains and enjoys flourishing economic growth and high population density. In contrast, the western part of Sichuan is characterized by mountainous areas, poor economy, and a sparse population [40] . These regional differences have resulted in a high level of variation in available medical resources, particularly concerning the market concentration of hospitals, providing opportunities to identify the association between hospital competition and medical expenses.
Data
Data were extracted from the Sichuan Provincial Health Statistics Support System Database (SPHSSSD), covering the period of 4 months, from September 1, 2016, to December 31, 2016. All hospitals are required to submit their data-a minimal dataset about their admitted patients and patient care services-to the SPHSSSD. The data include the demographic characteristics of patients, principal and additional diagnoses, procedures performed, and medical expenses charged to both the insurance funds and to the patient. Patient data collected by the SPHSSSD were linked to a unique hospital identification code. We collected further information about each of the hospitals from the hospitals' annual reports. The latitude and longitude of each hospital was identified in the geographic information system for the purpose of estimating market concentration.
We restricted the study subjects to those who underwent surgical procedures for BPH and acute appendicitis to represent patients with non-acute and acute common diseases for several reasons. 1 First, these two procedures are commonly performed in hospitals, with the former always being elective and the latter being urgent or emergency treatment. It was estimated that in 2015, 105 million men globally suffered from BPH, compared with 11.6 million patients that suffered from acute appendicitis [41] . After the age of 80 years, approximately 90% of men are affected by BPH [42] . Second, the two conditions involved different degrees of consumer participation and choice in clinical decision making. Acute appendicitis represents an urgent condition, meaning that the doctor must make a prompt decision about whether an operation is needed. Contrastingly, BPH represents a non-urgent condition. The decision of surgical procedure is usually made by the patient while considering a range of socioeconomic factors and clinical options. Third, death rates associated with the surgical procedures for the two conditions are very low. Approximately 50,100 out of 11.6 million patients undergoing appendectomies died [43] . It is even more rare for patients to die during a simple prostatectomy. Figure 2 shows a flowchart of the sample selection in detail. The samples were identified using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and/or the International Classification of Diseases, 10th Revision (ICD-10) procedure codes. Prostatectomy was identified by ICD-9-CM code 60.29, whereas appendectomy was identified by the ICD-9-CM code of 47 and ICD-10 code of K35. A total of 13, 958 inpatients-including 3578 who underwent prostatectomies and 10,380 who underwent appendectomiesfrom 495 hospitals in Sichuan Province within the study period were included in the final empirical analysis.
Variables
Three main outcome variables were selected: total hospital charge and its two components: OOP expenses and reimbursement. Because the three expense indicators' distributions were highly right-skewed, they were log transformed in the regression analysis.
The key explanatory variable was the Herfindahl-Hirschman Index (HHI) [44, 45] , which measures the degree of hospital competition (market concentration). The HHI is widely used in related studies [46, 47] . The smaller the HHI, the more competitive (or less concentrated) the market is. Referring to previous literature, the fixed-radius method was employed to define the hospital market by a 15-mile radius around each hospital [44, 48] . Next, the HHI was calculated by adding together the squares of the fraction of the number of specified surgery procedures from each hospital in the market.
We also included the following control variables in the regression analysis: patient gender, age, occupation, insurance program, admission severity, whether in critical condition, admission approach, length of stay, hospital classification, hospital level, profit and ownership classification, urbanization rate, and the GDP per capita in the hospital's county. Lastly, we included a set of county dummies to consider the regional invariant factors.
Statistical analysis
The continuous variables were examined as medians with interquartile range (IQR), whereas the categorical variables were described using frequency in the descriptive analysis.
A multivariable log-linear model was used to analyze the association of hospital competition with the two common surgery expenses. The model was set as follows: The key coefficients of interest are represented by α, which captures the relationship between hospital competition and inpatient expenses. A positive estimation of α indicates that a higher hospital competition degree (lower value of HHI) is associated with decreasing expenses, whereas the negative estimation shows that hospital competition is associated with increasing expenses. β, λ, and γ measure the change in the outcome variable in an individual's, hospital's, and regional characteristics respectively.
Statistical Analysis System (SAS) software version 9.4 and R software were used for the statistical analysis. Statistical significance was set at p < 0.05. Table 1 shows the demographics and clinical characteristics of inpatients and hospitals. The median total hospital charge for inpatients undergoing prostatectomy and appendectomy were ¥ 13,775 (IQR: ¥ 11,118-¥ 17, 299) and ¥7469 (IQR: ¥ 5733-¥ 10,076) respectively. The median HHI was 0.38 (IQR: 0.22-0.65) in the prostatectomy market and 0.18 (IQR: 0.07-0.37) in the appendectomy market, showing that the appendectomy market was generally more competitive (or less concentrated) than that of prostatectomy.
Results
Descriptive statistics
The median ages of the inpatients undergoing prostatectomies and appendectomies were 71.00 years (IQR: 65.00-76.00 years) and 45.00 years (IQR: 31.00-59.00 years) respectively. The inpatients undergoing a prostatectomy were all male (100%), whereas the gender proportion was nearly 1:1 (51.97% [n = 5395] male and 48.02% [n = 4984] female) for inpatients undergoing an appendectomy. Except for the "Unknown" group, "farmer" was the most common occupation for inpatients (31.42% [n = 1124] for prostatectomy and 29.67% [n = 3080] for appendectomy). The New Rural Cooperative Medical Care was the most common insurance type in our sample. Of the sample, 37.51% (n = 1342) and 37.54% (n = 3897) of inpatients undergoing prostatectomy and appendectomy respectively were subscribed to this insurance. The median length of stay of inpatients undergoing prostatectomy (13 days) was longer than that of inpatients undergoing appendectomy (7 days).
The most popular hospitals were general (96.65% [n = 3458] for prostatectomy and 98.43% [n = 10,217] for appendectomy), tertiary-level (73.62% [n = 2634] for prostatectomy and 53.62% [n = 5566] for appendectomy), and public hospitals (95.22% [n = 3407] for prostatectomy and 92.51% [n = 9602] for appendectomy). Table 2 illustrates the relationship between hospital competition and total hospital charge after adjusting for all of the covariables. The results showed the inverse associations of hospital competition with prostatectomy and appendectomy expenses. Competition was significantly and negatively associated with total hospital charge for inpatients undergoing prostatectomy. Every 10% increase in competition (0.1 unit decrease of HHI value) was associated with an average reduction of 2.10% in the total hospital charge (p = 0.006). However, competition was significantly and positively associated with the total hospital charge for appendectomy, with every 10% increase in competition associated with an average increase in hospital charge of 1.27% (p < 0.001).
Regression results
The results in Table 2 show that the inpatients' age and the length of their stay were positively associated with the total hospital charge for both surgery types. There was no statistically significant difference in the total hospital charge between inpatients of different occupations. Compared with public hospitals, the total hospital charges of private hospitals (both non-profit and for-profit private hospitals) were lower for inpatients undergoing prostatectomies but higher for inpatients undergoing appendectomies.
In China, the goal of basic health insurance with universal coverage was achieved in 2010. Since then, basic health insurance programs have been playing greater roles in health care financing. The total hospital charge is composed of OOP expenses and insurance reimbursement. We therefore further analyzed the associations between hospital competition and OOP and reimbursement expenses. Table 3 reports the regression estimations of the relationships between hospital competition and OOP and reimbursement after adjusting for all of the covariables.
Contrary to the different relationships between the two surgeries of competition and total expenses, the estimations of the sub-expenses showed that there were consistent associations with OOP and reimbursements. Hospital competition was significantly and negatively associated with OOP expenses, whereas it was significantly and positively associated with reimbursement for both common surgically-treated diseases. For inpatients undergoing a prostatectomy, every 10% increase in competition (0.1 unit decrease of HHI value) was associated with an average reduction of 71.41% (p < 0.001) in OOP expenses and a 35.05% increase in reimbursement (p < 0.001). For inpatients undergoing an appendectomy, it was associated with an average 9.2% reduction in OOP expenses of 9.2% (p = 0.008) and a 1.28% increase in reimbursement (p < 0.001).
Hospitals in China are divided into three levels: primary hospitals, secondary hospitals, and tertiary hospitals. The higher the hospital level is, the larger the scale and the better quality of care is offered [49] . Considering that different level hospitals would respond differently to competition, we further added the interaction term of HHI and hospital level in the regression to explore this. Table 4 presents the estimation results. The results showed that the total hospital charges for inpatients undergoing a prostatectomy in secondary and tertiary hospitals were, on average, 47.3 and 69.3% higher than in the primary hospitals respectively. For patients who underwent appendectomies, the total hospital charges in secondary and tertiary hospitals were, on average, 26.0 and 59.4% higher than in primary hospitals respectively. The interesting finding concerning the interaction terms is that the competition effects on the total hospital charges for patients who underwent prostatectomies are attenuated with higher levels of hospitals: 10% higher competition (10% lower in HHI) correlates with a 9.92, 2.98, and 0.2% reduction in total hospital charges for patients who underwent prostatectomy in primary, secondary, and tertiary hospitals respectively. However, for appendectomies, the competition effects do not seem to differ between hospitals levels.
Sensitivity analysis
To test the robustness of our results, we conducted two more sensitivity analyses. First, HHI was used as a continuous variable in our main analysis-assuming the linearity of the relationship between HHI and expense-to fully utilize the variation information in HHI. However, considering a potentially non-linear relationship, an alternative method is to transform HHI into a categorical variable [10] . To examine the sensitivity, we therefore used the HHI as a categorical variable in the regressions with the same setting with our main analysis. According to the literature, an HHI greater than or equal to 0.25 was categorized as noncompetitive (highly concentrated), between 0.15 and 0.25 as moderately competitive (moderately concentrated), and less than 0.15 as highly competitive (unconcentrated) [10] . The new estimations-the results of which are reported in Table 5 -show a similar trend to our main analysis. Second, we used the hospital number as an alternative market concentration measure [44] . The results are presented in Table 6 . The estimations are similar to that of our main analysis, confirming the robustness of the results.
Discussion
This study evaluated and compared the associations between hospital competition (market concentration) and the expenses for treatments of acute and non-acute common diseases, which were respectively represented by BPH treated with a prostatectomy (elective surgery) and acute appendicitis treated with an appendectomy (emergency surgery) in China.
The results showed that a more competitive hospital market was consistently associated with lower out-of-pocket (OOP) expenses but higher reimbursements for both surgeries, showing that hospitals had a similar competitive strategy in delivering both of the surgery services: lowering the OOP to attract patients while gaining more from the health insurance programs to achieve their financial goals.
The total hospital charge is composed of OOP expenses and reimbursement. With the universal health insurance coverage in China [31, 32] , patients are more concerned about OOP expenses than the total hospital charge [50] . Therefore, lowering the OOP would be an effective means of attracting patients.
An interesting finding is that hospitals seem to shift the expenses from the patient to the health insurance programs to reduce the OOP while charging more from the health insurance programs. It would be practical and reasonable for the hospitals to achieve the charge shift within China's current health system context. China achieved their goal of universal health insurance coverage in 2010, but the benefit package provided by social health insurance programs is not generous. Limited drugs and health care services are covered by the social health insurance programs. Competition would provide an incentive for hospitals to use more drugs and services covered by the health insurance programs than those not covered. This would lead to a decrease in OOP expenses and an increase in reimbursements. However, excepting the reasonable shift, there is a possibility that hospitals may over-deliver drugs and services covered by the health insurance programs. Faced with increasing competition, hospitals would use their information advantage and dominant role in the clinical therapy plan and treatment to deliver unnecessary but reimbursable drugs or services to benefit more from insurance funds. In this case, the increment in reimbursements would even exceed rather than just compensate for the loss in OOP. Following our hypothesis, the expense shifting would differ in the delivery of services concerning acute and non-acute common diseases due to the different degrees in asymmetric information.
The results concerning total hospital charges confirm our hypothesis. The total charges for treatments of an acute common disease-represented by acute appendicitis treated with appendectomy-is positively associated with competition. It is, however, negatively associated with non-acute common diseases, represented by BPH treated with prostatectomy. Furthermore, the absolute estimations of the HHI coefficients in total hospital charge, OOP, and reimbursement are all relatively larger for prostatectomy than for appendectomy, showing that hospitals are more sensitive to competition in delivering services for nonacute common diseases than for acute ones.
Policy implications
Solving the problem of "Kan Bing Gui (expensive medical expenses)" is one of the main goals of China's new round of national health reform. Consistent with previous research [51] , the findings of this study indicate that a pro-competition policy is a viable option by which the Chinese government could relieve patients' financial burden (OOP). However, governments should be cautious when introducing the pro-competition policy in the hospital market. Greater competition would lead to lower total hospital charge for non-acute diseases' services, but higher for acute diseases. Considering society as a whole, competition would potentially exacerbate the health care cost inflation for acute diseases. Finding a feasible approach to monitor hospitals' behavior would be the primary challenge in implementing the pro-competition policy in the health care market, especially concerning acute diseases. Our findings provide references and insights not only for China, but also for countries with a similar health system context.
Contributions and limitations
This study contributes to the existing literature in being among the first few studies to explore the heterogeneous roles of competition in health care delivery.
This study has several limitations. First, the health care quality in the analysis was not well controlled due to data limitations. Health care quality is related to both expenses (outcome variable) [52] and hospital competition (explanatory variable). This limitation may result in omitted variable bias. Second, the results of this study cannot be generalized to the effect of competition on the charges of severe diseases. Therefore, the role of competition in severe diseases is still in need of further study. Third, the estimation in this study would be interpreted as correlational rather than causal. Panel data or instrumental variable methods should be employed in a future study to identify the causal effect.
Conclusions
Greater competition (lower hospital market concentration) was significantly associated with lower total hospital charges for prostatectomy (representing treatments of non-acute common diseases) but higher expenses for appendectomy (representing treatments of acute common diseases). Furthermore, greater competition was consistently associated with a lower OOP but higher reimbursement for both surgeries. The results support our hypothesis that competition would play different roles in the services provision for non-acute and acute diseases. 
